Abstract. The objective of this work was to improve the performances of manure spreaders, the rate flow been one of the factors, which influences the quality of the fertilizing activity. This paper presents the structural analysis that involves examination of the different components or elements that make up the conveyor acting system to discover their interrelationships and relative importance in the realization of the manure transport operation. Also, the article presents kinematic analysis (positions, velocities, accelerations) of a ratchet mechanism aiming to choose the optimal variant to provide the organic fertilizers ratio according to the agrotechnical requirements of the species that are cultivated in different orchards. The purpose of the structural analysis is to ensure the adequacy of the design from the point of view of safety and serviceability of the structure, to improve and validate the performance and reduce the need for costly prototypes or design changes later on. Kinetostatic analysis examines the behaviour of the ratchet mechanism under the action of the applied static forces and the inertial forces produced by the movement of the conveyor. Hence, the kinetostatic analysis determines the forces acting on the elements during the transport operation.
Introduction
Fertilization is one of the major works within agricultural activities, either regarding large culture or horticulture or viticulture, therefore providing the necessary fertilizers in accordance with the agrotechnical requirements is an ongoing concern of researchers in the field.
More researches are known that have had aimed to improve the performance of organic manure spreaders, each work being directed on optimizing the constructive parameters of the spreading machine that influence the quality indices of the fertilization activity [1] .
Organic fertilizing in orchards is an important work that requires different quantities of manure according to the fruit tree species, soil, climate changes etc. thus, implicitly, involving variation of the speed conveyor. In order to modify the quantity of manure that is transported by the chain conveyor and spread by the spreading device a ratchet mechanism was designed that performed several ratios of transmission. Researches were conducted to achieve several constructive types of chemical or organic fertilizer spreading machines [2] [3] [4] [5] [6] intended for use in large culture or in orchards, or vineyards. The research was directed towards achieving superior performance indicators of the fertilization work and reduced energy parameters. One of the work quality indicators is the distributed fertilizer rate per surface unit, which is influenced by the conveyor speed correlated with the aggregate movement speed.
There are several types of fertilizer conveyor drives depending on the power source of the aggregate: the hydrostatic drive or the mechanical drive (with ratchet mechanism or gear wheel and chain transmission). This paper refers to the analysis of the ratchet mechanism with the help of which driving of the conveyor of organic fertilizer spreader is performed, for proper sizing and positioning of the components.
In the structural and kinematic analysis of the ratchet mechanism that acts the chain conveyor of a manure spreader methods for solving mechanisms and also numerical methods have been used [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In order to write the equations necessary for mechanism analysis the independent contours method was used [7; 10; 12-17] .
To solve the systems of non-linear equations of the positions, the authors used Newton-Raphson and gradient methods, while to solve the systems of linear equations of velocities and accelerations the Gaussian elimination method was used [8; 9; 11] .
Materials and methods
For the kinematic analysis of the mechanism calculation procedures drawn up by the authors were used. The systems of non-linear equations were obtained based on independent contours, and solving these systems of equations was made by the Newton-Raphson iterative method.
The kinematic scheme of the ratchet mechanism for driving the organic fertilizer conveyor of the manure spreader in orchards is presented in Fig. 1 . To determine the kinematic parameters of the mechanism elements its structural analysis must been carried out first.
Mechanism structural analysis
As shown in the kinematic scheme of the mechanism (Fig. 1) , the connection between elements 3 and 5 is made by means of a tension spring. The role of the spring is to keep the ratchet 5 and the gear wheel 4 in constant contact. The respective spring is equivalent to the hydraulic cylinder, as shown in Figure 2 . Taking into account the relative movements of the elements, it is noted that the mechanism has the following lower couplings:
A(0R1), B(1R2), C(2R3), D(3R0), E(3R5), F(5R6), G(6R7), H(3R7)
and J(4R0) [1] [2] [3] [4] [5] . Between the tooth of the gear wheel and the mechanism ratchet higher coupling I(4RT5) is formed.
The structural scheme of the mechanism is presented in Fig. 3 . Given the number of mobile elements and the number of kinematic couplings, results the mobility degree of the mechanism, namely: M = 2, namely there must be two independent parameters. One of the independent parameters has the role to place the element 1 in relation to the positive direction of the OX axis, while the second independent parameter is in the translational coupling G. The parameter in the translational coupling G exists in the tensile strength of the spring itself, so it will not be studied.
In the present work the structural analysis has been made in order to determine the modular groups, which constitute the mechanism, so that in the main calculation program the corresponding procedures can be used.
In the mechanism construction the role of the spring is to keep the ratchet and the gear wheel in constant contact. This is achieved by the action of the spring elastic force. From here more mobility results. This mobility does not influence the kinematic parameters of elements 2 and 3, but it has the role to maintain the ratchet in contact with the gear wheel. In the mechanism theory, the ratchet is replaced by a hydraulic cylinder. This hydraulic cylinder has as independent parameter of the relative movement between the cylinder elements. As shown in the structural scheme (Fig. 3) , the hydraulic cylinder together with element 5 form the so-called "driving dyad RRTaR(5, 6, 7)", the independent parameter of which is the variable size FH. Fig. 4 shows a multipolar scheme, a) and the structural relation, b) in the structural and multipolar schemes it can be seen that the mechanism consists of base Z(0), drive group R(1), 1st aspect dyads, RRR (2, 3) , drive dyads RRTaR(5, 6, 7) and rodyad ρD (4) . 
Mechanism kinematic analysis
For the kinematic analysis of the mechanism there are several stages, namely: 1. drawing up the calculation program to determine the kinematic parameters of the mechanism elements, considering 36 equidistant positions of element 1 (∆φ 1 = 0.1745329 radians); 2. tabular presentation of the values of angles formed by vectors BC AB , and DC , attached to the mechanism elements, with the positive direction of OX axis; 3. drawing the variation diagrams of mechanism element angles, velocities and angular accelerations, depending on the φ 1 angle; 4. drawing velocity and acceleration hodographs, corresponding to the points that mark the centre of B and C couplings. Kinematic analysis of the ratchet mechanism consisted in determining the parameters of positions, velocities and accelerations, corresponding to all elements. For this, the initial position of the mechanism was defined (Fig. 6 ), DiadaRRR.m and GrupaMotR.m functions are applied, drawn up by the authors in the MATLAB syntax, to determine the kinematic parameters and the diagrams of the determined parameters are drawn. MathCAD) . The results were the same. In the simulation of the mechanism functioning, the same independent parameters resulted.
Results and discussion
Using the methodology described above a concrete analysis of the mechanism that is part of the manure spreader, MGL-3, was made in order to optimize it.
In Fig. 7 the kinematic scheme of the entire mechanism is presented, highlighting the position parameters.
For the analysis of the mechanism the following are known: 1. kinematic scheme of the mechanism; In Fig. 8, 9 and 10, the variation diagrams of the angles, velocities and angular accelerations of mechanism elements 2 and 3 are presented.
For different positions (given by the angle φ 1 ) of the driving element 1, which has a rotational motion with constant angular velocity, it is observed that the driven elements, 2 and 3, rotate at variable angular velocities, implicit variable angular accelerations.
This shows the necessity of the mechanism kinetostatic analysis in order to adequately dimension the elements as well as to find appropriate positions of the D-joint to reduce stress in bars. Kinematic parameter determination of the mechanism elements was done using calculation procedures already known [11] [12] [13] [14] [15] . 2. Mechanism solving was made by several programming languages (Fortran, Turbo-Pascal, C++ etc.) or program packages (MATLAB, MathCAD). The results were the same. In the simulation of the mechanism functioning the same independent parameters resulted. 3. For the kinematic analysis of the mechanism calculation procedures drawn up by the authors were used. Calculation procedures for each modular group of the mechanism structure presented in this paper by the authors of the article were drawn using MATLAB syntax.
4. The calculus results were presented both in tabular form and as diagrams. The results show variation of the angular speed and angular acceleration of the driven elements 2 and 3, depending on the position of the driving element 1. 5. Kinematic analysis of the mechanism precedes its kinetostatic analysis.
• kinematics analysis will be the basis of the mechanism kinetostatic analysis (determining the reactions in the mechanism kinematic couplings as well as its driving moment); • based on the results of the kinematic analysis, optimization of the mechanism will be made so that it operates at optimum pressure angles, the elements of the mechanism have optimal dimensions, the energy consumed for starting the mechanism be minimum etc;
6. The forces and torques acting on the mechanism elements and also the acting torque in the driving couple A will be determined in kinetostatic analysis that will be performed in the next study.
